bjective: The purpose of this study was to perform a radiographic follow-up evaluation after a 12-month healing period, following crown lengthening surgery. Material and methods: Twenty-three periodontally healthy subjects (mean age 32.5 years) that required crown lengthening surgery in premolars were recruited. In a total of 30 premolars, full thickness flaps, osseous resection, and flap suturing were performed. The restorative margin was defined in the pre-surgical phase and maintained unaltered during the healing period, serving as a reference point. Standardized bitewing radiographs were taken before and after osseous reduction, and at 2, 3, 6, and 12-month healing periods. Results: Intact lamina dura was observed at both mesial and distal alveolar crests only from the 3rd month. At 12-months, all alveolar crests presented lamina dura. The overall mean distance from the restorative margin to the alveolar crest achieved after osseous resection was 3.28±0.87 mm at mesial and 2.81±0.51 mm at distal sites. No significant radiographic changes in the bone crest were observed during a 12-month healing period. Conclusion: The findings of this study suggest that the radiographic proximal bone level observed on bitewing radiographs following crown lengthening surgery can be used as a reference to predict the future level of the healed alveolar crest.
INTRODUCTION
Surgical crown lengthening is a routinely performed treatment 3, 8, 10, 11, 15 , but little is known about the radiographic changes in the alveolar bone crest over time. Crown lengthening involves the surgical removal of hard and soft periodontal tissues to gain supracrestal tooth length, allowing longer clinical crowns 8 and reestablishment of the biologic width 5, 8 . In a human histological investigation, Wilderman, et al. 17 (1970) described the healing process of the vestibular bone at 0 hour, 1-, 2-, and 3-week, and 1-, 2-, 3-, 6-, 9-and 12-month following osseous surgery. Microscopic evidences indicated more bone loss and less bone repair occurred in the thin alveolar bone specimens. Maximum bone repair and almost complete anatomic restoration of the operated bone would be achieved if the preoperative bone was the thick cancellous type with many marrow spaces.
Radiographic methods are commonly used to assess periodontal bone changes in clinical trials. On subsequent radiographic examinations, bone loss or gain may be assessed by comparing the subsequent radiographs with the initial radiographs 13 . There is no prospective clinical study available reporting the radiographic alterations in the proximal alveolar crest over 6 months after osseous resection.
Dibart, et al. 4 (2003) retrospectively evaluated the outcome of crown lengthening surgery prior to final crown placement on mandibular molars. The results indicated that 40% of the molars developed a furcation lesion at 5 years after crown cementation. An initial distance from the furcation entrance to the margin of the restorative margins < 4 mm eventually developed a furcation involvement, while none of the molars > 4 mm developed a furcation involvement. No evaluation was made of the mesial and distal alveolar crest.
The purpose of the present study was to make a further assessment of alterations in the proximal alveolar crest over a 12-month healing period from the post-osteotomy osseous level established in surgical crown lengthening.
MATERIAL AND METHODS
The study protocol was approved by the local ethics committee. Each patient was provided with information about the study and indicated willingness to participate by providing written informed consent. The study population consisted of 23 periodontally healthy patients (7 men, 16 women), 20 to 45 years of age (mean age, 32.5 years) referred to crown lengthening surgery on one or two premolar teeth. The indication for crown lengthening included insufficient clinical crown length for retention of the reconstructions, deep subgingivally-located carious lesions, crown and root fractures, preexisting deep preparation margins, perforations during endodontic therapy, and root resorptions 2 . Medical and dental histories were reviewed and no contra-indications to surgical therapy were noted.
A total of 30 premolars were identified for inclusion in the study. All patients were subjected to initial periodontal therapy including oral hygiene instructions, as well as scaling/root planing and removal of marginal irritants. For radiographic examination, the bite-wing bite block RinnÒ (Rinn Corporation, Elgin, IL, USA) was duplicated in colorless acrylic resin to obtain a bite block for each area to be evaluated. At a pre-surgical appointment, an occlusal bite in acrylic resin Duralay® (Reliance Dental Mfg Co., Worth, IL, USA) was taken on the duplicated bite block to standardize the subsequent radiographs 16 . Standardized bite-wing radiographs were taken using KodakÒ film (Ektaspeed, Eastman Kodak Co, Rochester, NY, USA), a fixation device for standardized exposure geometry at 70 kVp and 0.8 mA, with exposure time of 0.7 seconds, and standardized automatic processing conditions (Perio-pro, Air Technique Inc., New York, USA).
Once the restorative margin was defined, only one periodontist performed the crown lengthening surgery 9 . Each case included intrasulcular and/or reverse bevel incisions and elevation of full-thickness flaps on the buccal and lingual aspects. Subsequently, osteoplasty and ostectomy were performed using rotary and hand instruments to place the alveolar bone at a level at least 3 mm from the apical extent of the planned restorative margin 8 . To allow sufficient coverage of the interdental bone, attempts were made to position the flap margins at least 2 mm coronal to the bone crest after suturing. No periodontal dressing was used.
All patients were prescribed a non-steroidal antiinflammatory analgesic and twice daily 0.12% chlorhexidine gluconate rinses for 2 weeks. Sutures were removed 7 and 10 days postoperatively and a plaque control regimen was instituted. New, well-adapted provisional crowns were fabricated and cemented 2 weeks postsurgically. No further modification of the tooth preparation was allowed during the 12 months of the study in order to preserve the restorative margins (RM) as references points for measurement 7 . All patients were maintained on a plaque control program which included prophylaxis and reinforced oral hygiene. Radiographic examinations were repeated at 2, 3, 6 and 12 months following surgery.
Radiographic Assessment
Under standardized viewing conditions in a dark room, the presence of intact lamina dura was observed at mesial (M) and distal (D) reduced alveolar crest around the premolar. Radiographic recording was performed twice by one observer, with a 2-week time period between examinations 1 . Digital images of all radiographs were obtained by photographic digital camera (Coolpix 5700 Nikon ® , 5 mega pixels) and stored in a computer. Using a computer program (ImageJ ® 1.34s; US National Institutes of Health, Bethesda, MD, USA), each image was converted to 8-bit grayscale and to 200% magnification level 14 . The distance from RM to the marginal alveolar crest was measured at M ( Figure 1 ) and/or D premolar sites. The marginal proximal bone level was deemed to be at the point along the root surface, where a periodontal ligament of even radiographic width could be observed. All measurements were made in a darkened room to facilitate visualization of the images on a video monitor. The mean between two readings was taken with a 15-day time interval 14 .
Statistical Analysis
Data obtained for each type of site were averaged and FIGURE 1-Using ImageJ ® software, a parallel straight line (yellow line) to the root surface was drawn over the digital image to measure the distance from restorative margin to the marginal alveolar crest at mesial premolar site assessed for differences between baseline and 2, 3, 6 and 12 months. The data were analyzed by repeated measurement analysis of variance (ANOVA) to determine presence of an overall effect, separately for M and D sites. Tukey's test was used to determine which time point differed significantly. The level of significance was set at 0.05.
RESULTS
No post-surgical complications were observed. One patient did not show up for the 2-month examination and another at 12 months. Two individual devices were not adjusted because of tooth movement at 1-and 12-month. Thus, by the end of the study, there were 19 patients, and 26 premolars were evaluated at all times.
A total of 46 sites were available for radiographic assessment. No intact lamina dura was observed at the M and D alveolar crests at the 2-month period (Table 1) . At 3-month, its presence was evidenced only at one (4.3%) M and one (3.7%) D alveolar crest. The percentage of lamina dura increased to 60.9% (14) and 66.7% (18), at M and D alveolar crests, respectively, at 6-month. At 12-month, all M and D alveolar crests showed the presence of intact lamina dura (Figure 2) .
Using the radiographic reading obtained with the Image J ® software, the mean distance from RM to the alveolar crest is shown in Table 2 . A significant reduction was observed following osseous resection at both M and D sites. The mean amount of osseous reduction was 1.2 mm at M, and 1.3 mm at D sites. During the healing phase, a comparison of the radiographic bone height readings revealed that bone level changes not were statistically significant.
DISCUSSION
Radiographs are unique as source of data because they provide a permanent visual record of the bone support, allowing linear measurements of the structures to be obtained 13 . In the present study, the radiographic assessment of the lamina dura and distance between bone crest and RM was performed in standardized bite-wing radiographs. Intact lamina dura was observed in only two alveolar crests at the 3-month period (Table 1) . From this time period on, radiographic evidence of its presence began to increase and, at 12 months, intact lamina dura was observed in all alveolar crests (Figure 2) . The lamina dura appears as a dense continuous white line that represents more densely packed bone with fewer and/or smaller marrow spaces than in the neighboring bone. Its appearance is determined both by the shape and position of the tooth root in relation to the x-ray beam, and by the integrity of the bone lining the tooth socket and alveolar crest 6 . Therefore, the radiopacity of the crestal lamina dura results from the xray beam passing tangentially through the width of the cortical bone on the interdental crest 12 . From the outcomes obtained at 12-months, it may be suggested that the x-ray beam approximated this direction.
The major factors limiting the use of radiographic outcome measurements are geometric distortion and radiographic processing quality. The use of standardized methods, such as standardization of radiograph taking and processing, has reduced the effect of these errors on data from radiographs 14 . The radiographic examination is limited because the radiograph provides a restricted 2-dimensional representation of the 3-dimensional anatomy. As a result, many features of the anatomy are not apparent to the examiner during visual inspection of the radiograph. Interpretive radiography requires 30% to 60% of the mineral content of the bone to be lost in order to visualize a change in a radiographic image 13 . Thus, microscopic analyses represent an ideal method for evaluating bone healing.
Wilderman, et al. 17 (1970) reported buccal periodontal tissue repair in humans after elevating a mucoperiosteal flap to gain access for the osseous resection. Bone necrosis occurred in the bone immediately beneath the reduced periosteal bone surface. If the buccal plate of bone over the tooth root was thin, resorption first occurred on the periodontal surface, and if the bone plate was thick, it began on bone surfaces facing marrow spaces and haversian systems. Resorption on the surgically reduced periosteal bone surface was delayed and occurred between 2 and 3 weeks postoperatively. Bone repair by osteoblastic activity reached its peak between third and fourth week after surgery. Very little apposition was apparent after 6 months. It was noted the replacement of immature bone by the intermediate type of bone at 6 months and its replacement by mature bone at 18 months after surgery. The authors reported that the local anatomy of the bone seemed to be determinant of the amount of bone loss following osseous surgery. If the preoperative bone was the thick cancellous type with many In the present study, comparison between initial and subsequent radiographs allowed detecting bone changes by measuring the distance between the bone crest and the RM (fixed reference point). When taking bitewing radiographs, it is possible to position the film more correctly and the x-ray beam closer, perpendicularly 6 . Therefore, this technique was used to obtain an anatomically correct image of the alveolar bone position in relation to the RM and to evaluate changes in the bone crest for 12 months. Digitization was used to turn the radiographic image into a form that could be measured in a computer (Figure 1 ). In the pre-surgical radiographic image, the mean values of the linear measurements were 2.10 mm and 1.54 mm, for M and D bone crest around premolars, respectively ( Table 2) . After osseous reduction, the linear measurements significantly increased to 3.28 mm (M) and 2.81 mm (D). During the repair processes, bone level at M and D alveolar crests showed no statistically significant bone loss. The characteristics of the proximal alveolar bone of the treated premolars were thick crests with many marrow spaces, resulting in less bone loss and more bone repair. It corroborates the histological repair described by Wilderman, et al.
17 (1970) . From the studies found in the literature, only Dibart, et al. 4 (2003) performed a radiographic assessment in mandibular molars following crown lengthening surgery. Bone loss at the furcation was observed in 40% of the molars. No evaluation on the proximal bone crest was performed. Lanning, et al. 9 (2003) recorded clinical measurements of the bone level by means of transgingival probing, at 3 and 6 months following crown lengthening surgery. The mean difference in the direct bone level immediately after osseous resection and bone level at the 3-month examination was 0.77 mm. This value represented the overall mean of the 4 sites (mesiobuccal, mesiolingual, distobuccal and distolingual) around the treated tooth. No comparative analysis can be made with the radiographic findings of the present study, as only 2 different sites -mesial and distalwere evaluated.
The findings of the present study showed that radiographic changes in the proximal bone level were insignificant clinically from the osseous surgery up to the evidence of lamina dura.
CONCLUSIONS
The prospective radiographic assessment of the bone crest following crown lengthening surgery showed no significant changes in the proximal bone level in relation to the restorative margin over 12 months. This suggests that clinicians can predict the level of the healed proximal alveolar Means followed by different letters in the same column are statistically different at 5% by the Tukey's test.
FIGURE 2-Bitewing radiographs of second mandibular premolar before (a) and after crown lengthening procedures (b), at 2-(c), at 3-(d), at 6-(e) and at 12-month periods (f). The presence of intact lamina dura is observed at mesial and distal alveolar crests, respectively, at 6-and 12-month periods
